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1,000 g =2.205 tb 

sua rm ilonacier 

kilovolt peak 
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millicuries per square mile _ | 0.386 nCi/m? (mCi/km?*) 

million (mega) electron volts._| 1.6 X10-* ergs 


milliliter(s) 
millimeter (s) 
nanocuries per square meter___| 2.59 mCi/mi* 
picocurie(s)___-._..- iia 10-4? curie = 2.22 dpm 
roentgen : 

= of absorbed radiation 
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diological Health, Public Health 
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Reports 


Plutonium-239 in Human Tissues and Bone 


Paul J. Magno, Peter E. Kauffman and Paul R. Groulz ' 


An average concentration of 7x10-"uCi **Pu/g was found in human bone 
samples ranging in age from 2 to 24 years. This concentration results in 
an average dose equivalent rate to bone of about 0.8x10* rem/year. An 
average concentration of 7x10-°«Ci *”Pu/g found in liver samples from 
older adults results in an average dose equivalent rate of about 7x10 
rem/year. These figures were compared to the Federal Radiation Council’s 
Radiation Protection Guides and the dose limits recommended by the Na- 
tional Council on Radiation Protection and Measurements and the In- 
ternational Commission on Radiological Protection. From the data in this 
report, it was concluded that the concentrations of plutonium-239 in body 
tissue result in average equivalent dose rates well below the suggested 
radiation protection guides and dose limits. 


Radioisotopes of plutonium have been in- 
troduced into the environment during nuclear 
weapons testing and also from the burnup of 
a satellite which used plutonium as a power 
source (1, 2). The Bureau of Radiological 
Health initiated a program in July 1965 at the 
Northeastern Radiological Health Laboratory 
(NERHL) to determine the environmental 
concentrations of plutonium. The results of 
measurements of the radioisotopes of pluton- 
ium in air, milk, and total diet, have been 
previously reported (3-5); the concentrations 
of plutonium-239 in human tissues and bone 
are presented in this report. 


1Mr. Magno is chief, Environmental Methods and 
Surveillance Section, Northeastern Radiological Health 
Laboratory, Bureau of Radiological Health, Winchester, 
Mass. 01890. Mr. Kauffman was formerly acting chief, 
Analytical Quality Control Service, NERHL, and is 
now a research chemist, Food Protection Research 
Laboratory, Bureau of Community Environmental 
Management, 222 E. Central Parkway, Cincinnati, Ohio. 
Mr. Groulx is a physical science technician at the 
Northeastern Radiological Health Laboratory. 
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Analytical methodology 


Soft tissue samples were solubilized by wet 
ash with a mixture of nitric and perchloric 
acids. Plutonium-236 tracer was added, the 
plutonium was reduced to the +3 oxidation 
state with hydroxylamine hydrochloride and 
coprecipitated with the alkaline earth phos- 
phates by addition of ammonium hydroxide. 
The alkaline earth phosphate precipitate was 
dissolved in 7.2 M nitric acid and the plutonium 
oxidized to the +4 oxidation state with sodium 
nitrite. Bone samples were solubilized by 
ashing at 800°C., plutonium-—236 tracer was 
added and the ash dissolved in 7.2 M nitric acid. 

The nitric acid solution of each sample was 
then passed over an anion exchange resin in 
the nitrate form. The resin was washed with 
additional 7.2 M nitric acid and then with 9 M 
hydrochloric acid. The plutonium was eluted 
from the resin with a mixture of 0.36 M hydro- 
chloric acid and 0.01 M hydrofluoric acid, 
electroplated onto a stainless steel planchet 
from a sulfuric acid-ammonium electrolyte, 
and counted in an alpha-particle spectrometer. 
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The energies of the alpha particles from plu- 
tonium-239 and plutonium-240 are not suffici- 
ently different to be separated by alpha particle 
spectrometry. Therefore, when plutonium-—239 
is referred to in this report, it represents the 
sum of the radioactivity of plutonium-239 and 
plutonium-240. 

The samples were usually counted for at 
least 1,000 minutes. Reagent blanks containing 
plutonium-236 tracer were run concurrently 
with the samples. The alpha radioactivity of 
plutonium-239 was converted to picocuries of 
the radioisotope per sample by means of the 
following equation: 

(A—B)C 


2~Pu= 


(D-—E) 


where, 


gross counts per minute (CPM) in 
plutonium-239 spectral region; 
reagent blank counts per minute in 
plutonium-239 spectral region; 

pCi plutonium-236 added; 

gross counts per minute in pluto- 
nium-236 spectral region; and 
background counts per minute in 
plutonium-236 spectral region. 


A silicon surface barrier detector with an 
active area of 4.5 cm? was used. With the 
sample electroplated onto a 3.1 cm? area, the 
counting efficiency for plutonium—239 and plu- 
tonium-236 was ~31 percent and the resolu- 
tion was 75 keV (FWHM) °. 


Results 


Table 1 presents the results of the analyses 
of plutonium-239 in human liver and lung 
samples obtained from autopsies in the Boston, 
Mass. area during the period August 1965 
to February 1967. The plutonium-239 concen- 
trations in the liver samples ranged from 0.21 
to 2.52 pCi/kg with a mean value of 0.76 pCi/ 
kg; the lung concentrations ranged from 0.13 
to 1.13 pCi/kg with a mean value of 0.43 pCi/ 


2 (FWHM), full width at half maximum. 
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kg. Samples of spleen, heart, kidney, and bone 
were also obtained during some of these au- 
topsies but plutonium—239 was not detected in 
any of these organs. 


Table 1. Plutonium-239 in human liver and lung 
samples collected from Boston, Mass. 


Subject Date 
0 


Plutonium-239 (pCi/kg) * 
death . ; 


Liver | Lung 


8/65 0.25+0.04 | 0.23+0. 
8/65 of ° | 232. 
8/65 - li 482. 
8/65 NS 744 «3 


8/65 2.5% -56 | 132. 

10/65 NS 142. 
| 11/65 . 6¢ ° 342. 
| 1/66 of ‘ -17+ .Of 

3/66 

6/66 

6/66 

6/66 


452 .Of 
332 . 
-42+ .Of 
742. 


Sct 
Soom we 


7/66 
7/66 
9/66 
2/67 


412. 

552 .3 
132 .0% 
392 .Of 


“OS 
—h Ie 


® Two sigma counting error. 
NS, no sample obtained. 


Table 2 presents the results of the analyses 
of plutonium-239 in human liver and lung 
samples collected from other areas in the 
United States during the period September 
1966 to January 1967. The plutonium-239 
concentrations in these liver samples ranged 
from 0.31 to 1.14 pCi/kg with a mean value of 
0.69 pCi/kg; the lung concentrations ranged 
from 0.17 to 0.94 pCi/kg with a mean value 
of 0.41 pCi/kg. 


Table 2. Plutonium-239 in human liver and lung 
samples collected from various areas in the 
United States 








Subject Plutonium-239 (pCi/kg)* 


Date 





rs) Collection location 
death 


Portland, Ore siti 
Indianapolis, Ind_- -- 
Colorado Springs, 


Colo---- waiavinn 
11/66 | Palo Alto, Calif - - -- 
11/66 | Butte. Mont 
1/67 | New Orleans, La- - -- 








SS=5 











® Two sigma counting error. 


Bone samples of sufficient size for detection 
of plutonium—239 could not be obtained during 
the autopsies from which the soft tissue samples 
were collected. Therefore, in order to develop 
information on the concentrations of pluto- 
nium-239 in human bone, a series of composite 
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bone ash samples (vertebrae) containing 150 to 
300 grams of ash were analyzed and the results 
are presented in table 3. These samples were 
collected during the period, 1964-1966, and 
were composited according to the area of collec- 
tion and the age groups used in evaluating the 
results of analyses of strontium-—90 in human 
bone. (5). The concentration of plutonium-—239 
bones from the 2 to 4-year and 5 to 9-year age 
groups was higher than that of other age 
groups. 


Table 3. 


Plutonium-239 in human bone composite 
samples 





Plutonium-239 concentration 
Age Region } or fo , eS << 

group | collected 

(pCi/ke 


| 
(pCi/keg 
wet bone)* 


ash)* 


Central ual 96 .79 +0. 16 | 0.080 +0.016 
Northeast - - af 8 - 


Central 


Northeast - - - -- 
Northeast - - - - - - 
Northeast 


Northeast - - - 
Central... .. 


Central 

Central - - - - 
Central eae 
Northeast - - - - _- 
Northeast 
Northeast 





Central 

Central 
Northeast | 
Northeast - - - -- 








® Two sigma counting error. 


One of the objectives of this study was to 
develop information on the distribution of plu- 
tonium in the human body with particular 
emphasis on the relationship between pluton- 
ium-239 in the liver and in the bone. This 
requires a comparison of data for soft tissue 
and bone samples from the same individuals. 
Therefore, liver, lungs, spleens, and large sam- 
ples of femur were obtained from three cadav- 
ers in the Boston, Mass. area. The results of the 
analyses of these samples are presented in 
table 4. 

Unfortunately, the plutonium-239 concen- 
tration in these femurs was below the detec- 
tion limit and the only observation that can 
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Table 4. Plutonium-239 in human soft tissue 
bone samples collected in Boston, 1963-1965 


Subject Date Plutonium-239 
of | 


death 


Organ 


| | (pCi) (pCi/kg)*-» 


10/63 | Liver (whole) -41 +0.06 
Spleen (whole) °.010+ .0 
Lung (right) - -- -| -064+ .02: 
| Femur (400 g)_--| 005+ . 


Liver (whole) } 2+. 
Spleen (whole) -000+ . 
Lung (right) 30 +. 
| Femur (455 g) 008+ . 


10/65 | Liver (whole) -93 + .1 
Spleen (whole) 007+ . 
Lung (right) .29 + .07 ‘ ° 
| Femur (400 g)_- 005+ .010 |} ¢*.0134 .025 


® Two sigma counting error. 

> Based on the weight of the organ in standard man except for the 
femur. 

¢ Not significant data but used for averaging purposes. 


be made from these data concerning the bone- 
liver relationship is that the concentration of 
plutonium-239/kg of femur of these _ indi- 
viduals was lower than the liver by a factor of 
at least 10. The availability of bone samples 
of sufficient size for analysis of plutonium is 
the limiting factor in using individual autop- 
sies to establish the bone to liver relationship 
from environmental exposures. Either very 
large representative bone samples must be ob- 
tained (this is very difficult) or more sensitive 
and sophisticated analytical techniques must 
be applied. 


Conclusions 


An average concentration of 7x10-“uCi 
*39Pu/g was found in bone collected from indi- 
viduals ranging in age from 2 to 24 years. This 
concentration*® results in an average dose 
equivalent rate to bone of about 3x10-* rem/ 
year. An average concentration of 7x10- 
»Ci ***Pu/g found in liver samples from older 
adults results in an average dose equivalent rate 
of about 7X10-* rem/year. The formula for 
dose rate calculations for these organs is given 
in reference (6). The Federal Radiation Coun- 


% Doses were calculated assuming homogeneous dis- 
tribution of the radionuclide throughout the organ. 
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cil (FRC) (7) recommends a Radiation Protec- 
tion Guide for bone of 1.5 rem/year for indi- 
viduals in the general population and 0.5 rem/ 
year as an average to be applied to suitable 
samples of an exposed population group. The 
FRC (9) has not recommended a Radiation 
Protection Guide for liver. The National Coun- 
cil on Radiation Protection and Measurements 
(9) and the International Commission on Ra- 
diological Protection (10) recommend a dose 
limit for individual members of the public of 
1.5 rem/year for liver. 

From the data presented in this report, it 
can be concluded that the concentrations of 
plutonium-239 present in body tissues result 
in average dose equivalent rates well below the 
suggested radiation protection guides and dose 
limits. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, October 1968 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is most useful as an indi- 
cator of the general population’s intake of radio- 
nuclide contaminants resulting from environ- 
mental releases. Fresh milk is consumed by a 
large segment of the population and contains 
several of the biologically important radio- 
nuclides that may be released to the environ- 
ment from nuclear activities. In addition, milk 
is produced and consumed on a regular basis, 
is convenient to handle and analyze, and sam- 
ples representative of general population con- 
sumption can be readily obtained. Therefore, 
milk sampling networks have been found to be 
an effective mechanism for obtaining informa- 
tion on current radionuclide concentrations and 
long term concentration trends. From such in- 
formation, public health agencies can determine 
the need for further investigation and/or cor- 
rective public health action. 

The Pasteurized Milk Network (PMN), spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Community Environmental Man- 
agement, U.S. Public Health Service, consists 
of 63 sampling stations; 61 located in the 
United States, one in Puerto Rico, and one in 
the Canal Zone. Many of the State health de- 
partments have also initiated local milk surveil- 
lance programs which provide more comprehen- 
sive coverage within the individual State. Data 
from 15 of these State networks are reported 
routinely in Radiological Health Data and Re- 
ports. Additional networks for the routine sur- 
veillance of radioactivity in milk in the Western 
Hemisphere and their sponsoring organizations 
are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. 
Public Health Service)—5 sampling sta- 
tions 

Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the net- 
works presently reporting in Radiological 
Health Data and Reports are shown in figure 1. 
Based on the similar purpose for these sampling 
activities, the present format integrates the 
complementary data that are routinely obtained 
by these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides occur- 
ring or formed as a result of nuclear fission 
become incorporated in milk (1). Most of the 
possible radiocontaminants are eliminated by 
the selective metabolism of the cow, which re- 
stricts gastrointestinal uptake and secretion 
into the milk. The five fission-product radio- 
nuclides which commonly occur in milk are 
strontium-89, strontium-90, iodine—-131, ces- 
ium-—137, and barium-140. A sixth radionuclide, 
potassium—40, occurs naturally in 0.0118 per- 
cent (2) abundance of the element potassium, 
resulting in a specific activity for potassium—40 
of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
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Figure 1. Milk sampling networks in the Western Hemisphere reported in Radiological Health Data and Reports 
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metabolically similar radionuclides (radiostron- 
tium and radiocesium, respectively). The con- 
tents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. As a result of a study made of 
the PMN results for calcium content in milk 
for the period, May 1963—March 1966, an aver- 
age value for the PMN and its two standard 
deviation, 1.16 + 0.08 g/liter, was developed as 
an appropriate calcium content in milk for use 
in general radiological health calculations or 
discussions (3). As a result of a parallel study, 
an average value for the PMN, 1.51 + 0.21 g/ 
liter, for potassium content in milk was de- 
veloped (3). 


Accuracy of data from various milk networks 

In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, it was first necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agreement 
of the measurements among the laboratories. 
The Analytical Quality Control Service of the 
Bureau of Radiological Health conducts periodic 
studies to assess the accuracy of determinations 
of radionuclides in milk performed by inter- 
ested public health radiochemical laboratories. 
The generalized procedure for making such a 
study has been outlined in the literature (4). 

The most recent study was conducted in the 
spring of 1967, with 40 laboratories participat- 
ing in an experiment on milk samples con- 
taining known concentrations of strontium—90, 
iodine-131, and cesium-137. Of the 19 labora- 
tories producing data for the networks report- 
ing in Radiological Health Data and Reports, 
18 of these laboratories participated in the 
experiment. 

In the majority of cases, the results for the 
laboratories fell within the 3-standard devia- 
tion limits considered appropriate for the vari- 
ous analyses. Several results were outside the 
3 standard deviation limits and the most devi- 
ant of these represented biases from the 
expected values of 20 to 30 percent (5). Keep- 
ing these possible differences in mind, integra- 
tion of the data from the various networks can 
be undertaken without introducing a serious 
error because of disagreement among the inde- 
pendently obtained data. 
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Development of a common reporting basis 

Since the various networks collect and an- 
alyze samples differently, a complete under- 
standing of several parameters is useful for 
interpreting the data. Therefore, the various 
milk surveillance networks that report regu- 
larly were surveyed for information on analyti- 
cal methodologies, sampling and analysis fre- 
quencies, and estimated analytical errors 
associated with the data. 

In general, radiostrontium is collected by an 
ion exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium—40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy on 
whole milk. Each laboratory has its own modi- 
fications and refinements of these basic method- 
ologies. The methods used by each of the net- 
works have been referenced in earlier reports 
appearing in Radiological Health Data and 
Reports. 

A recent article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample col- 
lection procedures as determined during a 1965 
survey. This reference and earlier data articles 
for the particular network of interest may be 
consulted should events require a more defini- 
tive analysis of milk production and milk con- 
sumption coverage afforded by a specific net- 
work. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples for 
one analysis, while others carry out their an- 
alyses more often than once a month. The fre- 
quency of collection and analysis not only varies 
among the networks but also at different sta- 
tions within some of the networks. In addition, 
the frequency of collection and analysis is a 
function of current environmental levels. The 
number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current 
levels for strontium—-90 and cesium-137 are 
relatively stable over the time periods involved 
and sampling frequency is not critical. For the 
case of the short-lived radionuclides, particu- 


larly iodine-131, the frequency of analysis is 
critical and is generally increased at the first 
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measurement of recognition of a new influx of 
the radionuclide. 

Also reflected in the data presentation is 
whether raw or pasteurized milk was col- 
lected. A recent analysis (7) of raw and pas- 
teurized milk samples collected during the 
period January 1964 to June 1966 indicated 
that for relatively similar milkshed or sampling 
areas, the differences in concentration of radio- 
nuclides in raw and pasteurized milk are not 
statistically significant. Particular attention 
was paid to strontium-90 and cesium-137 in 
that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard deviation counting errors or 2-stand- 
ard deviation total analytical errors from repli- 
cate analyses experiments (3). The practical 
reporting level reflects additional analytical 
factors other than statistical radioactivity 
counting variations and will be used as a prac- 
tical basis for reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 


Radionuclide (pCi/liter) 


Strontium-89 
Strontium-—90 
Iodine-131 
Cesium-137 
Barium-140 








Some of the networks gave practical reporting 
levels greater than those above. In these cases 
the larger value is used so that only data con- 
sidered by the network as meaningful will be 
presented. The practical reporting levels apply 
to the handling of individual sample determina- 
tions. The treatment of measurements equal to 
or below these practical reporting levels for 
calculation purposes, particularly in calculating 
monthly averages, is discussed in the data pre- 
sentation. 

Analytical errors of precision expressed as 
pCi/liter or percent in a given concentration 
range have also been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 
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Analytical errors of precision 


Radionuclide 2-standard deviations 





Strontium-89_.1-5 pCi/liter for levels <50 
pCi/liter ; 

5-10% for levels >50 pCi/liter 

Strontium-90_.1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels >20 pCi/liter 

Iodine-131___-4-10 pCi/liter for levels <100 
pCi/liter ; 

6-10% for levels >100 pCi/liter 

Cesium-137___4-10 pCi/liter for levels <100 
pCi/liter ; 

4-10% for levels >100 pCi/liter 

Barium-140__.5-10 pCi/liter at levels <100 
pCi/liter ; 

6-10% for levels >100 pCi/liter 


For iodine—131, cesium—137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radioactiv- 
ity in milk presented in Radiological Health 
Data and Reports in perspective, a summary of 
the guidance provided by the Federal Radiation 
Council for specific environmental conditions is 
presented below. The function of the Council is 
to provide guidance for the use of Federal agen- 
cies in the formulation of radiation standards. 


Radiation Protection Guides (8-9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not 
be exceeded without careful consideration of 
the reasons for doing so; every effort should be 
made to encourage the maintenance of radiation 
doses as far below this guide as practicable. An 
RPG provides radiation protection guidance for 
the control and regulation of normal peacetime 
uses of nuclear technology in which control is 
exercised primarily at the source through the 
design and use of nuclear material. It represents 
a balance between the possible risk to the gen- 
eral public that might result from exposures 
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Table 1. 


Radiation Protection Guides—FRC recommendations and related information pertaining to 
environmental levels during normal peacetime operation 





Guidance for suitable samples of exposed population group* 


RPG | | 
(rad/yr) | Corresponding con- 
| tinuous daily intake 
(pCi/day) 


dividual in the 
general 
i population 
| 


Radionuclide Critical organ 


(rad/yr) Range I 


(pCi/day)” 


Range II 
(pCi/day)> 


Range III 
(pCi/day)» 


Strontium-89___..._---- 200-2 ,000 


Bone 

Bone inarrow 
one 

Bone marrow 

Thyroid 

Whole body 


0-200 
0-20 


5 0-10 
; 3, 0-360 


2 ,000-20 , 000 
200-2 ,000 


100-1 ,000 
3 ,600-36 ,000 


! 
RPG for in- | 
| 
| 


Strontium-90. 20-200 
Iodine-131 10-100 
Cesium-1374 360-3 ,600 





COW VF 





* Suitable samples which represent the limiting conditions for this guidance | are: general population; iodine-131 


dren 1 year of age; cesium-137—infants 
Based on an average intake of 1 liter of milk per day. 
¢ For strontium-89 and strontium-90, the Council's study indicated that there is currently no operational requirement for an intake value as high as 
one corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third of the respective RPG 
4 The guides expressed here were not given in the FRC reports, but were calculated using appropropriate FRC recommendations 


strontium-89, strontium-90 _chil- 


from routine uses of ionizing radiation and the 
benefits from the activities causing the exposure. 

Table 1 presents a summary of guidelines and 
related information on environmental radiation 
levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more de- 
tailed discussion of these values was presented 
earlier (2). 


Protective Action Guides (10-11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population 
that warrants protective action following a con- 
taminating event. A PAG provides general 
guidance for the protection of the population 


In the absence of specific dietary data one can 
use milk as the indicator food item for routine 
surveillance. Assuming a 1 liter per day intake 
of milk, one can utilize the graded approach of 
daily intake on the basis of radionuclide con- 
tent in milk samples collected to represent gen- 
eral population consumption. Under these as- 
sumptions, the radionuclide concentrations in 
pCi/liter of milk can replace the daily radio- 
nuclide intake in pCi/day in the three graded 
ranges. 


against exposure by ingestion of contaminated 
foods resulting from the accidental release or 
the unforeseen dispersal of radioactive ma- 
terials in the environment. A PAG is also based 
on the assumption that such an occurrence is an 
unlikely event, and circumstances that might 
involve the probability of repetitive occurrences 
during a 1 or 2-year period in a particular 
area would require special consideration. Pro- 
tective actions are appropriate when the health 
benefits associated with the reduction in ex- 


Table 2. Protective Action Guides—FRC recommendations and related information 
pertaining to environmental levels following « an acute contaminating event 





Category (pasture-cow-milk) 


Guidance for suitable sample, children 1 year of age 
PAG for individuals |_ ae 
in general population 
(rads) 


Radionuclide 


| Maximum concentration 
in milk for single nuclide 
that would result 
in PAG 
(pCi /liter) 


PAG 
(rads) 


| 

Bone marrow | 

10 in first yr; total 
dose not to exceed 
15*.> 


Strontium-89____--.-__- © 1,110,000 





3 in first yr; total dose 


not to exceed 5*.> 
Strontium-—90_-_._.___- 


Bone marrow | 
Cesium-137 


Whole body 
< “Thyroid 





© 51,000 
© 720,000 


~ 470,000 





Todine-131 
| 








* The sum of the projected doses of these three radionuclides to the bone marrow y should be compared to ‘to the 
numerical value of the respective guide 

> Total dose from strontium-89 and cesium-137 is the same as dose in first year; total dose from strontium—90 
is 5 times strontium-90 dose in first year for children approximately 1 year of age. 


¢ These values represent concentrations that would result in doses to the bone marrow or whole body equal to 
the PAG, if only the single radionuclide were present. 


4 This concentration would result in the PAG dose based on intake before and after the date of maximum con- 
centration observed in milk from an acute contaminating event. A maximum of 84,000 pCi/liter would result in a 
PAG dose if that portion of intake prior to the maximum concentration in milk is not considered 
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Table 3. Concentration of radionuclides in milk for October 1968 and 12-month period, November 1967 through 
October 1968 








Radionuclide concentration 
(pCi/liter) 





Sampling location Type of 
sample* Strontium-90 Iodine-131 Cesium-137 








Monthly 12-month Monthly 12-month | Monthly | 12-month 
average” average average” average | average> average 











Montgomery® 
Palmer* 


So 
—e 


to 


—hOrkCCUIOCOCOCOCoOR CONS 


to 


BNWEOOCONWOKOOK ORK OS 


Sacramento* 
San Francisco* 


_ 
- 
to 


Humboldt 
Los Angeles 
Mendocino 
Sacramento 
San Diego 
Santa Clara 


- 
LIP NINOPNOHAHOIAONH & 


-coocccocceceo 
o 
ecoooocececececec 


oc 


Northeast 
East 
Southeast 
South Central 
Hartford* 


« 


cooccocececocooron~neommuExcoocor 


Wilmington* 
Washington* 


_ 


DBOCMOCUF SF OCWOCHC'S 


- 


Indianapolis® 
Nortieast 
Southeast 


- 


Southwest 
Northwest 
Des Moines* 


—e 


Z 


NON BBNINNNCSO 


Z 


Wichita* 
Louisvillee 
New Orleans¢. 
Portlande 


—oe 


= 


on 


—— bh tt 
IN enNIWaoonw 


Grand Rapids*--- 
Bay City 
Pt nitesscasees 


wm Se 


Grand Rapids-_--- 
Lansing 
Marquette 


to 


oe 
CNHOCCORK NN NOON 


te 


ZZ 
cocooous 


Minn: Minneapolis® 
Bem ji 


Pate et ors 
ts 
NCOuNS 
— 
to 


te 


Worthington 
Mirneapolis 
Fergus Fal 
Little Falls - - - - 
Jackson® 
Kansas City* 
St. Louise 


tS 
aS 
oo 


_ 
_ 


NOK NOICOnoonw 
— 


_ 


—— 


coooocoooooococce|c]e|eso 
moe 
to Dm Or 00 OO Crm 





Radiological Health Data and Reports 





Table 3. Concentration of radionuclides in milk for October 1968 and 
October 1968—Continued 


12-month period, November 1967 through 








Radionuclide concentration 


(pCi/liter) 





Sampling location 
Strontium-90 Iodine-131 Cesium-137 





| Monthly 12-month Monthly 12-month Monthly 12-month 
| 


average” average | average> average average” average 
| 





UNITED STATES—Continued 
N.Y.: Buffaloe 
New York City* 
Syracuse* 


Z 


dl 


- 
ae 
a 


LALLLZ 
LZAZZZZ 


ZLALLA. 


Charlotte 
Minote 
Cincinnati* 
Cleveland¢ 
Oklahoma Citye 
Oklahoma City 


ZALLZZ 
De OO ee OS 


ons es 
COs 


Ceo rrr re row 
LALLALZA 
DOCK NEE KKK KS 


s. 
Peaee 


ZALLZA 
> 


ce -' 


——veewee~ 


ZAZLZLAZ 
Sorrrrr 


- 


+ 
LLLLZ4 


—— 


ea 


int tehenbcteerorestaveunewd 
Portland composite 

Portland local 

Redmond 

Tillamook 


7 
wo = : 
CUSWADKORK Rm ROR Re eH 


Pittsburghe 
Dauphin 
Erie 
Philadelphia 
Pittsburgh 
Providence® 
Charleston¢ 
Rapid Citye 
Chattanooga® 
Memphis* 
Chattanooga 


_ 
wn ew 


QO DOU OCHOMODNLANLARLDND 


eee 
COr eK wWNOO 
ee ee 
euxKCaMWUN 


i) 
wae OID AOWNmAkr > 


Harlingen 
Houston 


Midland 

San Antonio 
Texarkana-...- -- 
Uvalde 

Wichita Falls - - 
Salt Lake City*. _- 
Burlingtone 
Norfolke___- 


ZALLZLAZLZLALZA 
pee ee ee ed 
coe ae 


LALAZLALLALLLSZ 


ZAZLALLZZLALLZ 

a ll al al ol la 
oe thal el ll ol ol ol ele el 
wou 


i cmesseeeges 
Benton County--_--- 


Z4.— 


ANCOR DONE DFPOUG 


ee 


Pierce County -_.-.-- 
Sandpoint, Idaho 
Skagit County 

W.Va: Charleston 

Wise: Milwaukeee 

Wyo: Laramie* 


CANADA: 


mts 
Ne Crore 


_ 
SON ENR OHRKONOR 


Alberta: Calgary 
Edmonton 

British Columbia: 
Vancouver 


See footnotes at end of table. 
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Table 3. Concentration of radionuclides in milk for October 1968 and 12-month period, November 1967 through 
October 1968—Continued 











Radionuclide concentration 
(pCi/liter) 
Sampling location | Type of ~ s 
sample® | Iodine-131 Cesium-137 
| 











Monthly 12-month Monthly | 12-month Monthly | 12-month 
average” average average» average average” average 








i semnndieniieatbie 


CANADA (Continued) | 
—<—— } 
Manitoba: _Wininpeg | 
New Brunswick: 
Frederickton | é | | 
| 
| 


ey a ‘ 
Sault Ste. Marie-__------- 


Windsor 
Quebec: Montreal 


WOMANS 


co 


CENTRAL AND SOUTH AMERICA: 








Colombia: Bogota 
ile: Santiago 
Ecuador: Guayaquil. 
Jamaica: 
Venezuela 
Canal Zone: Cristobale-_- ‘ 
Puerto Rico: San Jumn®................-..--.--- 


Z 
Or DeROOO 





® P, pasteurized milk. 
R, raw milk. 

b When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0"’ was used for averaging. Monthly averages 
less than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than the 
practical reporting level. When more than one analysis was "nade in a monthly period, the number of samples in the monthly average is given in parentheses 

¢ PHS pronto Milk Network station. All other sa:npling locations are part of the State or National network 

4 Radionuclide analysis not routinely performed 

¢ The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for these networks were equal to or 
less than the following practical reporting levels: 

Iodine-131: Colorado, 25 pCi/liter; Cesium-137: Colorado, 25 pCi/liter; 
Michigan, 14 pCi/liter: New York, 20 pCi/liter; 

Oregon, 15 pCi/liter Oregon, 5 pCi/liter; 

Washington, 15 pCi/liter 


Strontium-90: New York, 3 pCi/liter 


NA, no analysis. 
NS, no sample collected. 


posure to be achieved are sufficient to offset the Data reporting format 


undesirable features of the protective actions. 

Table 2 presents a summary of guidelines as 
set forth by the FRC for the conditions under 
which PAG’s are applicable, a more detailed 
discussion of these values was presented earlier 
(3). Also given in table 2 are milk concentra- 
tions for each of the radionuclides considered, 
in the absence of others, which if attained after 
an acute incident, would result in doses equiva- 
lent to the appropriate PAG. These concentra- 
tions are based on a projection of the maximum 
concentration from an idealized model for any 
acute deposition and the pasture-cow-milk-man 
pathway, as well as an estimate of the intake 
prior to reaching the maximum concentration. 
Therefore, these maximum concentrations are 
intended for use in estimating future intake on 
the basis of a few early samples rather than in 
a retrospective manner. 


Table 3 presents the integrated results of the 
international, national and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiological 
Health Data and Reports. (The relationship 
between the PMN stations and State stations is 
shown in figure 2.) The first column under each 
of the radionuclides reported gives the monthly 
average for the station and the number of 
samples analyzed in that month in parentheses. 
When an individual sampling result is equal to 
or below the practical reporting level for the 
radionuclide, a value of zero is used for averag- 
ing. Monthly averages are calculated using the 
above convention. Averages that are equal to 
or less than the practical reporting levels reflect 
the presence of radioactivity in some of the 
individual samples greater than the practical 
reporting level. 
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Figure 2. State and PMN milk sampling locations in the United States 


The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12-monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply, the 12-month aver- 
age serves as a basis for comparison. 


Discussion of current data 


In table 3, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
October 1968 and the 12-month period, Novem- 
ber 1967-October 1968. Except where noted 
the monthly average represents a single sample 
for the sampling station. Strontium-89 and 
barium-140 data have been omitted from table 
3 since levels at the great majority of the sta- 
tions for October 1968 were below the re- 
spective practical reporting levels with the ex- 
ception of stations given in table 4. 

Iodine—131 results are included in the table, 
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Table 4. Monthly average of strontium-89 and 
barium-140 in milk, October 1968 


Radionuclide concentration 


Sampling location (pCi/liter) 


Strontium-89 Barium-140 


Nebraska, Omaha (PMN) 

Canal Zone, Cristobal (PMN) 
Colombia: Bogota (PAHO) 

Chile: Santiago (PAHO) 
Ecuador: Guayaquil (PAHO) 
Iowa: Des Moines (PMN) 
Oregon: Portland (PMN) 

Rhode Island: Providence (PMN) 


even though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council 
(table 1), levels in milk for this radionuclide 
are of particular public health interest. In gen- 
eral, the practical reporting levels for iodine- 
131 are numerically equal to the upper value of 
Range 1 (10 pCi/liter) of the FRC radiation 
protection guide. 

Strontium-90 monthly averages ranged from 
0 to 20 pCi/liter in the United States for the 
month of October 1968 and the highest 12- 
month average was 21 pCi/liter (Little Rock, 
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Ark.), representing 9.5 percent of the Federal 
Radiation Council radiation protection guide 
(table 1). Cesium—137 monthly averages ranged 
from 0 to 191 pCi/liter in the United States 
for the month of October 1968 and the highest 
12-month average was 109 pCi/liter (Southeast 
Florida), representing 3.0 percent of the value 
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Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing esti- 
mates of nationwide dietary intakes of radio- 
nuclides. Programs most recently reported in 
Radiological Health Data and Reports and not 
covered in this issue are: 


Last presented 





California Diet Study 
Institutional Diet 
Tri-City Diet, HASL 
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July—October 1967 
April-June 1968 
April—December 1967 





May 1968 
January 1969 
June 1968 





SECTION If. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for ap- 
proval of a drinking water supply containing 
radium-226 and strontium-90 as 3 pCi/liter 


set higher if the total intake of radioactivity 
from all sources remains within the guides rec- 
ommended by FRC for control action. In the 
known absence! of strontium—90 and alpha- 
particle emitters, the limit is 1,000 pCi/liter 
gross beta radioactivity, except when additional 
analysis indicates that concentrations of radio- 
nuclides are not likely to cause exposures 
greater than the limits indicated by the Radia- 
tion Protection Guides. Surveillance data from 
a number of Federal and State programs are 
published periodically to show current and long- 
range trends. Water sampling activities recently 
reported in Radiological Health Data and Re- 
ports are listed below. 





1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 


and 10 pCi/liter, respectively. Limits may be 


Water sampling program 





California 

Colorado River Basin 

Florida 

Minnesota 

New York 

Radiostrontium in Tap Water, HASL 
Washington 


spectively. 


Period reported 


July—December 1967 
1967 

1965-1966 
July—December 1967 
June—December 1967 
July—December 1967 
July 1966—June 1967 





unidentified alpha-particle emitters and strontium—90, re- 


Last presented 


November 1968 
December 1968 
July 1968 
October 1968 
October 1968 
June 1968 
August 1968 
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Gross Radioactivity in Surface Waters of the United States, August 1968 


Division of Pollution Surveillance 


Federal Water Pollution Control Administration, Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as part of the Water Pollution Surveil- 
lance System currently operated by the Federal 
Water Pollution Control Administration. Table 
1 presents the current preliminary results of 
the alpha and beta radioanalyses. The radio- 
activity associated with dissolved solids pro- 
vides a rough indication of the levels which 
would occur in treated water, since nearly all 
suspended matter is removed by treatment 
processes. Strontium-90 results are reported 
semiannually. The stations on each river are 
arranged in the table according to their distance 
from the headwaters. Figure 1 indicates the 
average total beta radioactivity in suspended- 
plus-dissolved solids in raw water collected at 
each station. A description of the sampling and 


analytical procedures was published in the No- 
vember 1968 issue of Radiological Health Data 
and Reports. 

Complete data and exact sampling locations 
for 1958 through 1963 are published in annual 
compilations (1-6). Data for subsequent years 
are available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data for comment. They 
reflect no public health significance as the Pub- 
lic Health Service drinking water standards 
have already provided the basis for this assess- 
ment. Changes from or toward these arbitrary 
levels are also noted in terms of changes in 
radioactivity per unit weight of solids. A dis- 
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cussion of gross radioactivity per gram of solids 
for all stations of the Water Pollution Surveil- 
lance System for 1961 through 1965 has been 
presented (7). Comments are made only on 
monthly average values. Occasional high values 
from single weekly samples may be absorbed 
into a relatively low average. When these values 
are significantly high, comment will be made. 
During August 1968, the following stations 

showed values in excess of 15 pCi/liter of alpha 
radioactivity for either suspended or dissolved 
solids: 

Arkansas River; Coolidge, Kans. 

Missouri River; Williston, N. Dak. 

San Juan River; Shiprock, N. Mex. 

South Platte River; Julesburg, Colo. 
During this month no station showed beta 


Table 1 


radioactivity in excess of 150 pCi/liter on sus- 
pended or dissolved solids. 


REFERENCES 


(1) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
National water quality network annual compilation of 
data, PHS Publication No. 663, 1958 Edition. Superin- 
tendent of Documents, U.S. Government Printing Of- 
fice, Washington, D.C. 20402. 

(2) Ibid., 1959 Edition. 

(3) Ibid., 1960 Edition. 

(4) Ibid., 1961 Edition. 

(5) Ibid., 1962 Edition. 

(6) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
Water pollution surveillance system, annual compilation 
of data, PHS Publication No. 663 (Revised), 1963 Edi- 
tion. Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 

(7) JULIAN, E. C. Gross radioactivity of the solids in 
selected surface waters of the United States, 1961- 
1965. Radiol Health Data Rep 9:1-15 (January 1968). 


Radioactivity in raw surface waters, August 1968 





Average beta 
radioactivity 
(pCi /liter) 


| Average alpha 
radioactivity 
oe /liter) 


Station 


| Sus- | Dis- Sus- | Dis- 


pended! solved 


| Total 
|pended | solved 


Cedar Hill, N. Mex 6 
Apalachicola River: 

Chattahoochee, Fla | 1 
Arkansas River: 

Coolidge, Kans 7 

Ponca City, Okla 3 

Pendleton Ferry, Ark - - - 0 | 

7 


| 
| 
| 6 
| | | 4 
| 
| 
| 


| | 
Animas River: 
| 





Atchafalaya River: 

Morgan City, La_____-_-| 
Big Horn River: | 
Hardin, Mont | 1 

Big Sioux River: 
Sioux Falls, S. 
Chattahoochee River: 
Columbus, Ga 
Clearwater River: 
Lewiston, Idaho 
Clinch River: 
Kingston, Tenn* 
Colorado River: 


Parker Dam, Calif-Ariz 
Columbia River: 

Pasco, Wash* 

Clatskanie, Ore__._____- 
Connecticut River: 

Wilder, Vt 

Enfield Dam, Conn __---- 
Coosa River: 

Rome, Ga__--- 
Cumberland River: 

Cheatham Lock, Tenn_- 
Escambia River: 

Century, 
Great La 

Duluth, = 


~ 


Buffalo, _ Sa 
Green River: 

Dutch John, Utah 
Hudson River: 

Poughkeepsie, N.Y - - - --| 
Illinois River: 


to 
nb Ae 


Peoria, Ill y 18 





Kansas River: } 
DeSoto, Kans_ | } 53 
Klamath River: 
Keno, Ore | 

















<il <i 
| ~ | 


| 


wn —— 


66 Maximum -- - 
= 


Average alpha 
radioactivity 
(pCi /liter) 


Average beta 
radioactivity 
(pCi /liter) 


Sus- 
pended 


Station 


pended | solved 


Merrimack River: 


Mississippi River: 
St. Paul, Minn 
E. St. Louis, Ill- 
W. Memphis, Ark___-_- 
New Orleans, La_----- 

Missouri River: 
Williston, N. Dak _-- -- 
Bismarck, N. Dak_- 
St. Joseph, Mo- 
Missouri City, Mo 

Monongahela River: 
Pittsburgh, Pa 

North Platte River: 
Henry, Nebr 

Ohio River: 
Cincinnati, Ohio 
Cairo, 

Pend Oreille River: 
Albeni Falls Dam, 


Platte River: 
Plattsmouth, 
Potomac River: 
Washington, D.C_____- 
Rainy River: 
sapesnationel Palle, | 
Min y | 
Red River, North: 
Grand Forks, N. Dak _- 
Red River, South 
Denison, Tex - 
Rio Grande: 
Laredo, Tex- 
San Juan River: 
Shiprock, N. Mex 
Savannah River: 
Port Wentworth, Ga*_ 
Snake River: 
Wawawai, Wash__--- 
South Platte River: 
Julesburg, Colo 


Nebr... ... 














Minimum - 





























* Gross beta radioactivity at this station may not be directly comparable tog gross beta radicactiv ity at other stations because of the possible contribu- 
tion of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 
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Radionuclide Analysis of Coast Guard Water Supplies 


January-December 1967 


U.S. Coast Guard ' and Bureau of Radiological Health ? 


Since 1961, water samples have been col- 
lected from seven Coast Guard Loran Stations 
in Alaska and analyzed for radioactivity. These 
stations are identified as Adak Island, Attu Is- 
land, Biorka Island, Cape Sarichef, Port 
Clarence, Sitkinak Island, and Spruce Cape. 
Their locations are shown in figure 1. 

The principal source of water for these 
Loran Stations is either lakes or reservoirs, 
most of which have ice and snow cover for 
many of the winter months. Water is piped 
from the reservoirs to storage tanks at the 
stations. The storage tanks range in capacity 


1U.S. Department of Transportation. 
2 U.S. Public Health Service. 


from 25,000 to 225,000 gallons. All of the 
stations chlorinate the water and all but the 
Attu Island station filter the water prior to 
use. 

One-gallon samples are collected monthly and 
sent to the Southwestern Radiological Health 
Laboratory in Las Vegas, Nev. for analysis. 
The samples are analyzed routinely for gross 
alpha and gross beta radioactivity. Samples 
are also analyzed for specific radionuclides if 
unusual amounts of gross radioactivity are 
detected. 

Gross alpha and gross beta results for the 
water samples collected during 1967 are shown 
in table 1. None were found to contain more 
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Figure 1. Coast Guard Loran station water sampling locations 
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Table 1. Radioactivity in water samples from U.S. Coast Guard Loran Stations, January-December 1967 





— | Adak Island | Attu Island | Biorka Island Cape Sarichef Port Clarence Sitkinak Island Spruce Cape 
Month | | 


(1967) | wwe — mT 
Qa 





; ® 


| 
> | 
| 


| 


> CUMOOD 
DIBROOO 


Z 4 
&» DOs 


NOCOTLOY BORotrw 


September - - 
October - - - 
November 
December 


Z 


4 


eccooococ coceoceo 


“oocooo coooo 
‘ A 
coomeor coooo 
cococo FOCSCCO 
enocoo coco 


me Z 
Cowncooxww 








® Values equal to or less than 2 pCi/liter gross alpha or gross beta radioactivity are reported as zero. 
b Strontium-90 concentration was 6 pCi/liter. 

NA, no analysis. 

NS, no sample received. 





than 3 pCi/liter gross alpha. Only six samples had a measureable quantity of strontium—90 
contained more than 10 pCi/liter gross beta; (6 pCi/liter). 

Adak Island, 20 pCi/liter (March); Biorka 

Island, 13 pCi/liter (January) ; Port Clarence, Previous coverage in Radiological Health Data and 
18 pCi/liter (April), 15 pCi/liter (May), 14 *¢?ort#: 

pCi/liter (December); and Spruce Cape, 18 Period Issue 


pCi/liter (June). Of these, only Adak Island Sens Deeb ies | Hemibe ise 








GEORGIA 


GAINESVILLE 
ri Ochlockonee - 
St. Marks River 
Apalachicola Florida East Coastal Area 
River 


Suwannee River 


St. Johns River 
Withlacoochee River 


OF 


Kissimmee River 














MEXICO 





Lower Florida Area 
ATLANTIC 
a 


Scale in Miles 


0 10203040 50 cA OCEAN 
j Oe te le ae Sr - 


vs. 

















Figure 1. Hydrological surface subbasins in Florida 
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Radioactivity in Florida Waters, 1967' 


Division of Radiological Health 
Florida State Board of Health 


The Florida State Board of Health samples 
raw surface, ground, and treated water in 13 
hydrological subbasins as shown in figure 1. 
Samples collected on a variable frequency and 
analyzed for gross alpha and beta radioactivity 
during 1967 are presented in table 1. Gross 
alpha and beta radioactivity concentrations of 
less than 7 pCi/liter and less than 10 pCi/liter, 
respectively, are not reported. 

In addition to sampling being done by the 
Florida State Board of Health, the Bioenviron- 
mental Engineering Research Laboratory, Uni- 
versity of Florida, samples surface, ground 
and municipal water in Alachua County for 
gross beta radioactivity. Samples are taken 
monthly from each sampling point with the 
exception of the City of Gainesville where raw 
water is sampled daily. These data for 1967 
are summarized in table 2. Gross beta radio- 
activity above the minimum reported concen- 
tration was detected in 26 water samples 
taken in Alachua County. The 26 samples 
averaged 14 pCi/liter of gross beta radioactiv- 
ity. 

During 1967, 28 samples out of a total of 
396 collected from 199 sampling sites showed 
gross beta radioactivity greater than the mini- 
mum reported concentration. Twenty-four 
surface, ground, and municipal water samples 
averaged 23 pCi/liter and four seawater sam- 
ples averaged 215 pCi/liter of gross beta radio- 
activity. 

The average gross beta radioactivity in 

1 Data taken from “Report of Florida Radiological 
Surveillance Programs, 1967” Bureau of Preventable 


Diseases, Division of Radiological Health, Jacksonville, 
Fla. 


Table 2. 


Table 1. Gross alpha and beta radioactivity in Florida 


waters, 1967 


| Number Alpha 
Location subbasin } of | (pCi /liter) 
samples | | 





Beta 
(pCi/liter) 


Pardido-Escambia Rivers - - - 
Choctawatchee River 
Apalachicola River - 
Ochlockonee-St. Marks Rivers 
Suwannee River__ 

St. Mary's-Nassau Rivers 


St. Johns River - 


- 
- 


ae ee i 
: re Ba 
cooooosoo © 


Withlacoochee River 
Tampa Bay area 
Peace River__ 


F et Co ND 
So 


Kissimmee River_- 
Florida East Coastal area 


Lower Florida area 


aaaaaaaa #4 Py, ® 
at feat bed eh fd tte tt tS me ND. DOD me 


Soooooesco OO 


* 





* Raw surface water. 

> Treated water. 

¢ Raw water supply. 

4 Sea water from Biscayne Bay. 


water samples is well below the limitations 
imposed by the standard for gross beta radio- 
activity in drinking water (1,000 pCi/liter) 
(1). Only one treated and one sea water sample 
showed gross alpha radioactivity greater than 
the minimum reported concentration. 


REFERENCE 


(1) PUBLIC HEALTH SERVICE. Public Health 
Service Drinking Water Standards, Revised 1962, 
PHS Publication No. 956. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (March 1968). 


Gross beta radioactivity in Florida water, 1967 





Location 


Alachua County: 

(19 sampling locations) | 
I n ntemens «ine 
SS | 

| 
} 


City of Gainesville: 
Maximum 
Average 





Radioactivity concentration (pCi/liter) 


June July | 


1 





® All beta radioactivity minimum values were of background level. 
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Radioactivity in Minnesota Municipal Water Supplies' 


January-June 1968 


Division of Environmental Sanitation, Minnesota Department of Health 


The analysis of various Minnesota waters 
for radioactivity was initiated in 1956 as part 
of the Minnesota Water Pollution Control Pro- 
gram. This program was expanded in 1958 to 
include most of the municipal surface water 
supplies in the State, as well as selected lakes 
throughout the State. 


1 Data and information from “Survey of Environ- 
mental Radioactivity, January-June 1968,” Publication 
No. C00-651-64. State of Minnesota Department of 
Health, University Campus, Minneapolis, Minnesota 
55440. 


As many as 25 surface streams and lakes 
involving 74 stations have been sampled. At 
present, nine surface streams and lakes used 
as municipal water supplies are sampled 
routinely (figure 1). “Grab” samples of raw 
and treated water are collected weekly at 
Hallock, East Grand Forks, Eveleth, Fairmont, 
and St. Paul, and monthly at Crookston, Inter- 
national Falls, and St. Cloud. Minneapolis tap 
water is analyzed weekly. No raw water is 
collected from the Minneapolis supply. 
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Figure 1. Minnesota surface water sampling locations 
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The samples are forwarded to the Division’s 
laboratory, where they are analyzed for gross 
alpha and beta radioactivity. A 250-ml sample 
of water is transferred to a 2-inch planchet 
and evaporated at 75° C. The solid residue 
(suspended-plus-dissolved solids) is fixed by 
adding lucite in acetone. The sample is then 
counted for alpha or beta radioactivity in an 
internal-proportional counter. Counter stand- 
ardization is accomplished by adding known 
amounts of thallium—204 standard to solutions 
containing the normal range of solids. 

Table 1 shows a summary of the monthly 
average gross beta radioactivity in Minnesota 
municipal water supplies from January-June 
1968. Table 2 shows the gross alpha radio- 
activity in the same samples for the same 
period of time. Alpha radioactivity reported 
as <1 pCi/liter was considered as 0.5 pCi/ 
liter for averaging purposes. 

Table 1. 


Town and water source Type of water 


Crookston, Red Lake River-- . ; Raw __- 
Treated 

East Grand Forks, Red Lake River 

Eveleth, St. Mary's Lake 

Fairmont, Budd Lake 

Hallock, Two Rivers South Fork - 

International Falls, Rainy River 

Minneapolis tap water - - - 

St. Cloud, Mississippi River - - - 
Treated 


St. Paul, Vadnais Chain of Lakes Raw 
| Treated - 


® Number in parentheses gives number of samples averaged. 


| 


Town and water source Type of water 


Crookston, Red Lake River 

East Grand Forks, Red Lake River 
Eveleth, St. Mary's Lake___- 
Fairmont, Budd Lake 

Hallock, Two Rivers South Fork 
International Falls, Rainy River 
Minneapolis tap water 


St. Cloud, Mississippi River. - - 





St. Paul, Vadnais Chain of Lakes 








* Number in parentheses gives number of samples averaged. 
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The data obtained on gross beta radioactiv- 
ity in Minnesota surface waters show a varia- 
tion of concentrations with no readily apparent 
trends. Variations in precipitation and flow 
rates of streams could contribute to this 
fluctuation. Monthly averages of gross beta 
radioactivity in Minnesota raw surface waters 
ranged from 5 to 30 pCi/liter, which is well 
below the Public Health Service Drinking 
Water Standards (1). 


REFERENCE 


(1) PUBLIC HEALTH SERVICE. Drinking water 
standards, Revised 1962, PHS Publication No. 956. 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402 (March 1963). 


Recent coverage in Radiological Health Data and 
Reports: 


Period 
July-December 1967 


Issue 
October 1968 


Total beta radioactivity in Minnesota raw and treated water supplies, January-June 1968 


Average concentration 
(pCi/liter) 


- 
o 
~ 


- 
~ 
em Be CO CO ee ee ie 


= 
ae 


SWI CHOC Ww 


CNN 
Peru 
Ppp 
2b Oren bh eG 


NOUNS WONTISEN 


IOSOAOWDD BOOK Uh wo 


Table 2. Total alpha radioactivity in Minnesota raw and treated water supplies, January-June 1968 





Average concentration 
(pCi/liter) 
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SECTION Ill. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental fis- 
sion product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross 
beta radioanalysis. Although such data are in- 
sufficient to assess total human radiation ex- 
posure from fallout, they can be used to deter- 
mine when to modify monitoring in other 
phases of the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the West- 


Network 


HASL Fallout Network 
HASL 80th Meridian Network 
Plutonium in Airborne Particulates 


July—December 1967 
Calendar Year 1966 
January—March 1968 


ern Hemisphere. These include data from ac- 
tivities of the U.S. Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson in 
1962 and is summarized in the January 1964 
issue of Radiological Health Data. In addition 
to those programs presented in this issue, the 
following programs were previously covered in 
Radiological Health Data and Reports: 


Period Issue 


September 1968 
December 1968 
January 1969 
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1. Radiation Alert Network 
October 1968 


Bureau of Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the radon 
daughter products have decayed and at 29 
hours after collection when most of the thoron 


daughter products have decayed. They also per- 
form field estimates on dried precipitation 
samples and report all results to appropriate 
Bureau of Radiological Health officials by mail 


or telephone depending on levels found. Com- 
pilation of the daily field estimates is reported 


elsewhere on a monthly basis (1). A detailed 
description of the sampling and analytical pro- 
cedures was presented in the April 1968 issue 
of Radiological Health Data and Reports. 
Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 


the field estimate technique, during October 
1968. Time profiles of gross beta radioactivity 


in air for eight Radiation Alert Network sta- 
tions are shown in figure 2. 

All field estimates reported were within nor- 
mal limits for the reporting station. 
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Figure 1. Radiation Alert 
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Network sampling stations 





Table 1. Gross beta radioactivity in surface air and precipitation, October 1968 








| | | | Precipitation 
| | | 
| Number | Air surveillance Last | | | 
of | gross beta radioactivity | profile | Field estimation of deposition 
Station location samples (pCi/m*) in Number | Total 
| RHD&R | of ‘| depth | | l 
| i) samples | (mm)| Number | Depth | _ Total 


of | (mm) | deposition 
| Maximum Minimum |Average* | samples | | (nCi/m?*) 
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Network summary 





® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
» Indicates no report received. (Air samples received without field estimate data are not considered by the data program.) 

¢ No precipitation sample collected. 

4 This station is part of the plutonium in precipitation network. No gross beta measurements are done 

¢ Samples were collected but no field estimates were received. 





Radiological Health Data and Reports 








8 
re ae oe ae 


3 
1 


4 


| 
| 
ADAK 
ALASKA 





_ MAX - 


eerseneresseseed 


AVERAGE GROSS BETA CONCENTRATION (pCi/m) 





8 


‘. 


8 


8 
fa ae eel 


3 
1 


}— - MAX + — - naan 
7 


pesereseoneenserem 








~we a= 
vo oe 


eeeo 


= -MIN- 


| 
eri evra sbsdisl 


= 


~iN 
[PAP Pn Et 
4 


OAK ss 
eet ee 





FeV evveva et 


AVERAGE GROSS BETA CONCENTRATION (pCi/w) 





—— >} -MIN- SF ~ 


} 
Jusbisbrsbestestistis 


a = — 


SANTA FE 
NEW MEXICO 


ee aoe 


n 


| 
| 
| 





AP awe 


| 
| 
i 
' 
| 











2 | 1 


1965 








} 








ms | M86 





8 
atotsio 


8 
1 


| 


WINCHESTER 
MASSACHUSETTS 


ae ee ee eee 





beeevensessesseren! 


AVERAGE GROSS BETA CONCENTRATION (pCi/m) 


sooo 





a 
oe ae oe 


== 


> 


PWN Pn Pv ed eT Evy PPT EE 


fares verry 








-MIN- 





AVERAGE GROSS BETA CONCENTRATION (pCi/m) 


ecco 


8 


88 


ie re eee 


8 


8 
1 





mie a 


ve ae ee 


5 


—___pvssvsessnsnsnenneh 


MIN 
- MIN 
oe 


rVI ET Gveretewtres! 4 1 deslistrsbestislistis 


— 
ane 


NEW YORK CITY 
NEW YORK 


* ce Pada dd 











1965 


1966 





962 1963 964 965 





8 
ra ae! 


s 


MONTGOMERY 
ALABAMA 


aoe eee 





AVERAGE GROSS BETA CONCENTRATION (pCi/m) 





ecco 





| 
Seva tTerey er 





salislistes 





md 


GROSS BETA CONCENTRATION (pC 


AVERAGE 
see? 


8s 888 
are ae ee 


4 





= 


=i ln = 
Toa 
i] 


~MAX- 


COLUMBIA 
SOUTH CAROLINA 


oo oe 





ite eres Fern 





§ 


1965 


1966 





8 


8% 
oe oe arr 


8 
i 


4 


6 


HELENA 
MONTANA 


pawn" ewww 





-MAX- 


i 


e 


“MIN | | -wax- 
| 


$}—4— -MIN- —preveeesereressenes 


AVERAGE GROSS BETA CONCENTRATION (pCi/m) 





~—w i 


+— 


~MAX- = 








See0 
Toe eee 


° 


senenesevenneneed 
‘a “iN 


{PP Pn Pe PP PP 








Ptiss tas tisiantsn tanta 








' 


1s | 1886 





1967 | 1968 





AVERAGE GROSS BETA CONCENTRATION (pCi/m) 





§ 


8 


8 


3 8 
ae oe ere 


4 


6 


CHARLESTON 
WEST VIRGINIA 














sabistister 


aposlestiat es 








1965 1966 








Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert Network, 1962—October 1968 
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2. Canadian Air and Precipitation 
Monitoring Program’, October 1968 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection stations 
are located at airports (figure 3), where the 
sampling equipment is operated by personnel 
from the Meterological Services Branch of the 
Department of Transport. Detailed discussions 
of the sampling procedures, methods of analy- 
sis, and interpretation of results of the radio- 
active fallout program are contained in reports 
of the Department of National Health and 
Welfare (2-6). 

A summary of the sampling procedures and 
methods of analysis was presented in the April 
1968 issue of Radiological Health Data and 
Reports. 


1 Prepared from information and data in the Novem- 
ber 1968 monthly report “Data from Radiation Protec- 
tion Program,” Canadian Department of National 
Health and Welfare, Ottawa, Canada. 


Surface air and precipitation data for Octo- 
ber 1968 are presented in table 2. 


Table 2. Canadian gross beta radioactivity in surface 
air and precipitation, October 1968 





| Air surveillance gross 
| beta radioactivity 
(pCi/m*) 


Average| Total 

samples | | | concen-| depo- 

| Maxi- | Mini- | Average | tration sition 

mum | mum | } (pCi/ (nCi/ 
| liter) 


Precipitation 
measurements 








Station 


| Number 
| of 


m?) 


Calgary - ------| 31 | | NA 
Coral | | | 

Harbour--_-_- - 
Edmonton 
Ft. Churchill_-- 


Ft. William - - -- 
Fredericton - - - - 
Goose Bay 

Ee 


ooo 


oo 


Saskatoon 
Saulte Ste 
Marie--- - -- 
Toronto-_ ~~~ 
Vancouver 





Whitehorse - - -- 
Windsor-__.- - 
Winnipe 
Yellowknife-__ - 





| e200 S05 S & SoS Sooo SO 


Network 
summary 


NA, no analysis 





a N 


YELLOWKNIFE 


FORT CHURCHILL 











Figure 3. Canadian air and precipitation sampling stations 
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3. Mexican Air Monitoring Program 
June 1968 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comisién Nacio- 
nal de Energia Nuclear (CNEN), México, 
D.F. From 1952 to 1961, the network was 
directed by the Institute of Physics of the Uni- 
versity of Mexico, under contract to the CNEN. 

In 1961, the CNEN appointed its Division 
of Radiological Protection to establish a new 
Radiation Surveillance Network. In 1966, the 
Division of Radiological Protection was re- 
structured and its name changed to Direccién 
General de Seguridad Radiolégica (DRS). The 
network consists of 16 stations (figure 4) 





PACIFIC 


OCEAN 











Figure 4. Fallout network sampling stations in Mexico 


11 of which are located at airports and opera- 
ted by airline personnel. The remaining five 
stations are located at México, D.F.; Mérida; 
Veracruz; San Luis Potosi; and Ensenada. 
Staff members of the DRS operate the station 
at México, D.F., while the other four stations 
are manned by members of the Centro de 
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Prevision del Golfo de México, the Chemistry 
Department of the University of Mérida, the 
Institute de Zonas Desérticas of the University 
of San Luis Potosi, and the Escuela Superior 
de Ciencias Marinas of the University of Baja 
California, respectively. 


Sampling 


The sampling procedure involves drawing 
air through a high efficiency 6- by 9-inch glass- 
fiber filter for 20 hours a day, 3 or 4 days a 
week at the rate of 1,000 cubic meters per day 
using high volume samplers. 

After each 20-hour sampling period, the filter 
is removed and shipped via airmail to the Sec- 
cién de Radioactividad Ambiental, CNEN, in 
México, D.F., for assay of gross beta radio- 
activity, allowing a minimum of 3 or 4 days 
after collection for the decay of radon and 
thoron daughters. The data are not extra- 
polated to the time of collection. Statistically, 
it has been found that a minimum of five sam- 
ples per month were needed to get a reliable 
average radioactivity at each station (7). 

The maximum, minimum, and average beta 
radioactivity in surface air during June 1968 
are presented in table 3. 


Table 3. 


Mexican gross beta radioactivity of airborne 
particulates, June 1968 





Gross beta radioactivity 
(pCi/m*) 


| Number 
f 


Station oO! 
samples 





Fidiedenm Minimum | Average 





Acapulco 

enc ncendesceess 
Ciudad Juires...........- 
Ensenada 


Mazatlan 

Mérida 

De, BA pa ccncees a 
Nuevo Laredo......-....--- 











Ws so tcc kbouiennaal 








NS, no sample, station temporarily shutdown. 





4. Pan American Air Sampling Program 
October 1968 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the aus- 
pices of the collaborative program developed 
by the Pan American Health Organization 
(PAHO) and the U.S. Public Health Service 
(PHS) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling locations are shown in 
figure 4. Analytical techniques were described 
in the January 1968 issue of Radiological 
Health Data and Reports. The October 1968 
air monitoring results from the participating 
countries are given in table 4. 
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Figure 5. Pan American Air Sampling Program stations 
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Table 4. 


Summary of gross beta radioactivity in Pan 
American surface air, October 1 





Gross beta radioactivity 
(pCi/m*) 


Station location 


Average* 


Argentina: 
uenos Aires. _------ 
Bolivia: 
0 ee | 
Chile: 
Santiago 
Colombia: 


Ecuador: 
Guayaquil 
Guyana: 
seorgetown 
Jamaica: 





Lima: 
-16 | 
Venezuela: 

Sere ‘ 26 

West Indies: | | 
Trinidad .27 | 
| 
29 








Pan American | 

OO ee 2.2 

® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m!® are reported 
and used in averaging as 0.00 pCi/m*. 

NS, no samples received 
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SECTION IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. In- 
cluded here are such data as those obtained from 


OTHER DATA 


human bone sampling, bovine thyroid sampling, 
Alaskan surveillance, and environmental moni- 
toring around nuclear facilities. 


Iodine-131 in Bovine Thyroids, April-June 1968 


Bureau of Radiological Health 
Public Health Service 


The Bureau of Radiological Health estab- 
lished a bovine thyroid network in Octo- 
ber 1964 (1). Specimens are collected by the 
Livestock Slaughter Inspection Division, U.S. 
Department of Agriculture, and are analyzed 
by gamma-ray spectroscopy for iodine—131 
content at the Northeastern Radiological 
Health Laboratory, Winchester, Mass. 

The network consists of collection areas 
(counties shaded in figure 1) located so as to 
cover, as nearly as possible, areas near major 


nuclear reactors, spent-fuel reprocessing plants 
and nuclear test sites. Details of sampling and 
analyses have been published earlier (1). 


The results for July through September 1968 
appear in table 1 and are listed chronologically 
within each State. Moderate elevations in radio- 
activity were found in 11 States during this 
period. The most active sample analyzed was 
collected in Garfield County, Colo., on July 30 
and contained 44 pCi iodine—-131/g thyroid. 














Figure 1. Counties sampled in bovine thyroid network July-September 1968 


Recent coverage in Radiological Health Data and 
Reports: 
Period 
October-December 1967 
January-March 1968 
April-June 1968 


Issue 

May 1968 
August 1968 
November 1968 
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Table 1. lodine-131 in bovine thyroids, July-September 1968 











| | pCi iodine-131/g thyroid * 


| 
| 





Date of County | Number of 
slaughter | samples Average 
or con- 

| centration 





Arizona-.- - . —_— | : | Cochise - - - --- 
| Maricopa (14) 4. 
Pinal (2) - - = 
Yavapai (2) 


l ’0 
0 | 


Arkansas -_- on : Madison - - - - 


California - - “a 5-9/1: Fresno (1) ¢___. 
Madera (2) -- - -- 
Monterey (10) - - 
San Benito (10) - 
San L. Obispo (1) - - - 
San Joaquin (1) ‘ 
| Santa Barbara (1) 


Colorado a _..| ©7/31-9/30 | Adams. ; 
Arapahoe. --_- 
Boulder-.-. - - 
Crowley -- 
| Delta 
| Douglas - 
El Paso 
Elbert _ - 
Garfield _- -- - - - 
Jefferson (2) 4_- 
Kit Carson (1) 
Larimer (10) _- 
Mesa... --- 
| Montrose (7) 4 
| Pueblo (2)_- 
Teller (1)-_-- 
Weld (10) - - 
Georgia- Bartow (3) 4_- 
Bibb (7)-_--- 
Burke (2) -_-- 
© 8/8-9/26 Butés.....- 
¢7/2-9/12 Candler (7) 4- - 
| Cherokee (3) 
Clarke (12) 
Columbia (2) - 
| Emanuel (5) 
| Evans (3) - 
7/31 | Floyd- 
© 9/4-9/26 Forsyth _ 
9/25 | Fulton - 
©7/2-9/12 | Jasper (2) - - 
| McDuffie (9) 
| Newton (2)-__- ‘ 
Richmond (1)_- 
Screven (6) -_-_--- 
Stephens (2) 
Walton___- 
Warren (4) 4 
Wilkes (6) _- 


Idaho eevetswaeeweuadaen -------| © 7/23-9/28 | Ada (11) 4. 
| Canyon (9) 
| Elmore (6) 
Owyhee (3)- 
| Washington (3) - - 


9/9 Sioux 
8/9 Linn_ 


©¢7/31-9/30 | Bossier 
7/22 | Red River-- 
Minnesota tome tbe teal 7/16 


Mississippi - - - - - - -| ©7/16-7/22 
¢7/11-8/29 | C 
Forrest (3) 
| Hinds (6)__-__-- 
Jackson (4) --- 
Lauderdale (7) 
Missouri - - - - nasednewnes | ©7/17-8/14 | Jasrer (2) 4_ 
Vernon (1) 





Nebraska See ee Sore RE RE 9/30 Box Butte __- 
| ©7/1-9/24 Madison (2) 4__- 
Scotts Bluff (2)____-- 





New Mexico } 
New York -------------| °7/15-8/24 | Chautauqua. --- 


See footnotes at end of table 
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Table 1 lodine-131 in | bovine thyroids, July- “September 1968— Continued 


| pCi iodine-131/g thyroid * 
| Dateof | : ee, | saamaniaitiaiabele 
slaughter County samples | 
| Average 
orcon- | Minimum | Maximum 
centration 


North Carolina. ---- Kee’ : _| © 8/8-9/17 Cleveland (8) ¢ 


! bO 
Robeson (3) - - - 


aaaaaee Beckham (2) 4- Sa 

Bryan (2) -_-- 
| Caddo (1) - 
Carter - - - 

| Jefferson (3) @_ 

| Major (3) - - - 
Muskogee (3) 
Pottawatomie (1) -- 
Sequoyah (2) -- 
Stephens (8) 
Tulsa (3) _- 


ee eben loa -9/ | Baker (7) 4_- 
Wallowa (2) - - 


South Carolina - - _— i ‘ 2-9/ Bamberg (2) ¢ 
Barnwell (3) - 
Colleton (1) - - - - 
Greenwood (3) 
McCormick (1) - 
| Orangeburg 4)- 
Richland (6)-_- - 
Spartanburg (2). 


South Dakota - - - ones . —— ¢ | Aurora (3) 4. 


Bon Homme (10)- 

| Brookings (2) - 
Charles Mix - - 
Davison (5) 4- 
Gregory (2) --- 
Hutchinson - 
Lake (1) ¢. - - 
Lincoln (2) - - - 

| MeCook (3) - - - 
Meade (10) --- 
Miner (4) - - 
Minnehaha ()- 

| Roberts (3)-_-- 
Tripp (4) 


Tennessee - iceteweanane - ee 2-9/2! Blount (20) ¢- 
Claiborne (1) - - - 
Hamblen (1) -- 
Jefferson (3) - - 
Knox (11) _- 


Roane - - - - 
Sevier___ 


| Cameron (3) 4_ ~~. 
Dallas (1) 

| Denton (2) -- 
Fannin (1)-_----- 
Hamilton (1) -_- 
Hopkins (5) - 
Johnson (3) -_-- 

| Jim Hoge (10) - - 
Jim Wells (3) - 
Tarrant (3) 
Titus (1) __- 
Willacy (2) - 

| Wise (1) 


WINER... cancccccss . _— ©7/3-9/11 | Franklin. __- 


Washington _ - vomnae Séneenas sudan © 7/30-9/26 | Walla Walla- 


Wisconsin_.-_-_--- ona . © 8/2-9/2 Dane (16) 4__ 


Portage (1) 
| Rock (2)__- : ‘ : ; | 
> < Seer a aire 
| Wood (1) | 


Wyoming_ - ---- cieminnee eck ee fn no ec cewstacausas ‘ >0 


| 
| ¢7/16-9/24 | Laramie__ aed m Rat IS : 14 4 27 
! | | 


* All results <2 pCi/ g are reported as 0 since at ‘these lew els of radioactivity, the 2-standard deviation error is 2 pCi iodine- 131/¢ thyroid. 

> The results for this period were for the most part nondetectable. Some randomly scattered positive results were obtained but these represented harely 
detectable amounts of iodine-131 in the bovine thyroid (3 to 5 pCi/g). 

¢ Samples were not collected on all dates during this period but the interval includes several sampling dates. 


4 Numbers in parentheses represent the number of samples collected from that county during the interval indicated. These may have been collected 
over several dates or on only one date. 
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Strontium-90 in Human Bone, October-December 1967' 


Bureau of Radiological Health 
Public Health Service 


To obtain data on the concentration of stron- 
tium—90 in man by age and geographical region, 
the Public Health Service began collecting 
human bone specimens in late 1961. Analyses 
of selected samples of people in older age 
groups have shown their bone strontium—90 
content to be low and age-independent (1). 
Consequently, the target population includes 
children and young adults up to 25 years of age. 

Although a few samples come from living 
persons as a result of surgical procedures, the 
majority are obtained postmortem. In the lat- 
ter case, the specimens are limited to accident 
victims or persons who have died of an acute 
disease process that was not likely to impair 
bone metabolism. For analytical purposes, a 
sample of at least 100 grams of wet bone is 
desired. Generally, this amount is readily avail- 
able from older children, but is presents some 
difficulties from the standpoint of infants and 
children under 5 years of age. Most specimens 
received to date have been vertebrae and ribs. 


1 Period during which death or surgical procedure 
occurred. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the Bureau 
of Radiological Health at Winchester, Mass. 
Sample collection and preparation are ex- 
plained elsewhere (2). Strontium—-90 is meas- 
ured by tributyl phosphate extraction of its 
yttrium daughter, which is precipitated as 
an oxalate. The strontium—90 content is then 
calculated (3) from the yttrium—-90 activity. 
For the purpose of maintaining analytical re- 
productibility, “blind” duplicate analyses are 
performed on 10 to 20 percent of the samples. 
To further check and maintain analytical ac- 
curacy, synthetic “bone ash” samples (calcium 
phosphate spiked with strontium-90) are 
analyzed periodically and crosscheck analyses 
are carried out quarterly with the Health and 
Safety Laboratory of the AEC, which performs 
similar analyses. 

The analytical results for strontium-90 in 
individual bones from persons dying during 
the fourth quarter (October-December 1967) 
are presented in table 1 in order of increasing 
age within each geographical region. These 











Figure 1. Geographical regions for human bone sampling 
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Table 1. Human bone network, October-December 1967 








Bone region and State | b 5 i 
s Age Strontium-90 concentration Calcium conc. 


(years) | (pCi/kg bone) | (e/kg bone) (pCi/g) 
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See footnotes at end of table. 
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Bone region and State Age » 
(years) 


Central: Wise -- 


Ohio 
Ww isc 
lowa 
Wise 


Ohio 
lowa- - 
Ohio 
lowa 
Minn 
Ohio 


Mich. 
Minn 
Ohio - - - 
Minn. 
Ohio - - 
La 


APAPPPAASAPAAAAPSASAAFLALAALAAL AALS AA AAG 


Northwest: 


. 
\ 
4 
y 
: 

Ba 
z 

|\ 
: 
. 
. 
\ 
y 
y 
J 
: 

| R 
: 
, 
z 
y 


Alaska 
Southwest: 


T, FI 


® Type of bone: vertebrae, V; rib, R; tibia, T; fibula, FI. 
b Age given as of last birthday prior to death. 
¢ Two-sigma counting error. 


regions are indicated in figure 1. Reported 
values are given in picocuries of strontium—90 
per kilogram of bone (as a rough indication 
of dose) and per gram of calcium (for com- 
parison with other data and for purposes of 
model development). Two-sigma counting er- 
rors are reported for the bone concentration. 

Following the pattern of earlier reports, sub- 
sequent articles will continue to provide inter- 
pretation of the data at appropriate stages in 
the program (2-5). 

Recent coverage 
Reports: 

Period 


April-June 1967 
July-September 1967 


in Radiological Health Data and 


Issue 


September 1968 
October 1968 


Table 1. Human bone network, October-December 1967—Continued 


Sex Strontium-90 concentration | Calcium conc. | 
(pCi/kg bone) | (g/kg bone) 


Sr/ca 
(pCi/g) 
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Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual re- 
ports on the environmental levels of radioactiv- 
ity in the vicinity of major AEC installations. 
The reports include data from routine monitor- 
ing programs where operations are of such a 
nature that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 





Safety in directives published in the AEC 
Manual.} 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Knolls Atomic Power Laboratory and the 
Shippingport Atomic Power Station. 





1 Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation,” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Knolls Atomic Power Laboratory” 
January-December 1967 


General Electric Company 
Schenectady, N.Y. 


The principal function of the Knolls Atomic 
Power Laboratory (KAPL), operated by the 
General Electric Company for the Atomic 
Energy Commission, is to support the naval 
reactor program of the AEC in the develop- 
ment of atomic power for naval propulsion. 
This includes design, construction, and proto- 
type operation of nuclear power reactors. 

The Knolls Atomic Power Laboratory con- 
sists of two sites; the Knolls site and the 
Kesselring site, located as shown in figure 1. 
The Knolls site occupies approximately 170 
acres on which are located administrative 
buildings; chemistry, physics, metallurgical, 
engineering, and radioactive materials labora- 
tories; critical assembly buildings; machine 
shops, decontamination facilities; radioactive 
waste storage and assembly buildings. The 
Kesselring site occupies approximately 4,000 
acres. Its principal facilities include the Triton 
(S8G) and Bainbridge (D1G) prototype re- 
actors, equipment service building, fuel service 
building, and waste treatment facilities. Regu- 
lar environmental monitoring activities are 
conducted to assure that laboratory releases of 


2 Summaried from “Knolls Atomic Power Laboratory, 
Annual Environmental Monitoring Report, January- 
December 1967.” 
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radioactivity to the environment are 
pliance with AEC standards. 
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Figure 1. Environmental monitoring locations, KAPL 
Air monitoring 


Environmental airborne radioactivity is 
measured at two locations on the Knolls site; 
at one location at the Kesselring site and at 
the General Electric Company Research Lab- 
oratory approximately 1 mile west of the 
Knolls site. Airborne radioactivity is sampled 
continuously and analyzed on a weekly basis. 
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The results of the beta-gamma radioactivity 
analyses of environmental air show average 
concentrations of 0.06 pCi/m’* and 0.05 pCi/m’, 
at the Knolls and offsite sampling locations, 
respectively. The results were all less than the 
most restrictive permissible airborne concen- 
tration for beta-emitting radionuclides given 
in AEC Manual Chapter 0524 (strontium-90, 
30 pCi/m’). Most of the environmental air 
results were less than 0.05 pCi/m*, the value 
considered valid at the 90-percent confidence 
level with an error of 30 percent. The maxi- 
mum result (0.17 pCi/m’* was detected at the 
Knolls site building K-4 location during the 
first week of March 1967; this was during a 
period of low-level fallout from Eastern Hemis- 
phere weapons testing. The results of the beta- 
gamma long-lived radioactivity analyses of air 
at the Kesselring site showed an average of 
0.07 + 0.02 pCi/m’. Environmental air samples 
at the Kesselring site are counted a minimum 
of 48 hours after collection to allow short-lived 
natural radionuclides to decay to nondetectable 
levels. 

In addition to the environmental airborne 
radioactivity monitoring, surveys are made 
semiannually of the radiation levels at the 
perimeter of KAPL, at both sites. A perimeter 
survey of December 1967 showed normal back- 
ground radiation levels for the geographic 
location. The results of this perimeter survey, 
extrapolated to an annual exposure, indicate 
average perimeter radiation levels of less than 
one-tenth of a roentgen per year. 


Water monitoring 


Mohawk River water is sampled continu- 
ously at the General Electric Company power- 
house 8 miles from the Knolls site; at the 
Vischer Ferry powerhouse 1.7 miles down- 
stream; and at the Cohoes, N.Y. pumping 
station 13 miles downstream. A continuous 
sample of Cohoes municiple water, which is 
derived from river water, is also collected at 
the Cohoes pumping station. The weekly water 
samples are composited and analyzed for radio- 
activity on a monthly basis. Average quarterly 
beta-gamma concentrations are given in table 1. 

Samples of the Glowegee Creek water are 
analyzed for radioactivity once each quarter 
year at two locations, one is about 150 feet 
above the point where the S3G effluent enters 
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Table 1. 


Radioactivity in Mohawk River water near 
the Knolls site, 1967 





Beta and gamma radioactivity 
(pCi/liter) 


| 
G.E. Vischer Cohoes | 

power- | Ferry | River | Municipal 
| house (down- water | water 
| (down- | 
stream) | 


(up- | stream) 
| Stream) | 
ae | 
| 


January-March - 5244 | 
April-June --- 8+4 | 
July-September 344 
October-December 7+4 


the creek and the other is about 1,500 feet be- 
low the D1G effluent discharge point. 

The average concentrations of beta and 
gamma radioactivity detected in Glowegee 
Creek water upstream and downstream from 
the S38G and D1G liquid-waste outfalls are 
shown in table 2. 


Table 2. Radioactivity in Glowegee Creek water from 
the Kesselring site operations, KAPL, January- 


December 1967 


Beta and gamma radioactivity 
(pCi/liter) 


Glowegee Creek | 
(upstream) 


Glowegee Creek 
(downstream) 


January-March - - - - _- 
April-June__ 
July-September - 
October-December -_- 


Sediment monitoring 


Effective May 1, 1967, the Knolls site Mo- 
hawk River monitoring program was extended 
from an annual to a quarterly collection and 
analyses of Mohawk River sediment. Samples 
are collected at fifteen specific locations and 
all are analyzed for gamma, gross beta, and 
alpha radioactivity content; in addition, three 
of the samples are analyzed for strontium—90 
content. 

The variation in the detectable levels of the 
analyses of Mohawk River sediment is the 
result of differences in the size of aliquots 
analyzed, i.e., 10 grams of sediment for alpha 
radioactivity analysis, 1 gram for beta radio- 
activity analysis, 10 grams for strontium—90 
separation and the total sample for cesium-—137 
analysis. The Knolls site radioactive liquid 
waste disposal program did not adversely influ- 
ence the radioactivity levels of the Mohawk 
River sediment. The radioactivity concentra- 
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Table 3. Radioactivity concentrations in Mohawk River sediment, KAPL, 1967 





| 

| 

Number — 
of 


samples 


| 


| Average 


May-June___- 
July-September 


<0.85 | 
October-December 


0.7 
; 0.7 
<0.81 | 0.7 


® Three samples analyzed for strontium-90. 


tions in Mohawk River sediment samples are 
given in table 3. 


Glowegee Creek sediment radioactivity meas- 
urements are analyzed on a monthly basis. 
Sample locations are the same as those listed 
for Glowegee Creek water sampling. The sedi- 
ment analysis results are shown in table 4. 


Table 4. 


Radioactivity in Glowegee Creek sediment 
KAPL, February—December 1967 


Gross gamma 
radioactivity 
(pCi/g) 


| Number | 
1967 Location o 


samples 
| 


Average | Range 
| (low/high) 


a | 


| Upstream 

Downstream 
Upstream | 
Downstream 
Upstream 
Downstream 
Upstream 
Downstream 


February-March 


t 


me 
| maeCm@macin 


a 
| 


April-June 


July-September 


October-December __- 


A 


wNAOAaKaAN=— 
NONeNwN& 


on 
mr wWONOW 


em OD OS 
1 menage ontoca | 


The high gross gamma radioactivity reading 
for the one first quarter sample is attributed 
to fallout which had accumulated on Glowegee 
Creek ice and was subsequently collected with 
the sediment sample. Since all other results 
from upstream and downstream sediment sam- 
ples are not significantly different, they indi- 
cate that Kesselring site operation has not 
increased the radioactivity of the Glowegee 
Creek bottom sediment above normal back- 
ground levels. 


Mohawk River fish radioactivity 


Specimens of Mohawk River fish are col- 
lected annually at the Vischer Ferry Dam at 
the discharge point of the powerhouse effluent. 
This location is approximately 9,000 feet down- 
stream of the Knolls site sewage outfall. 
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Range 


-1 
-1 
1 


3 | 


2 
8 


Total radioactivity | 
(pCi/g) 


Strontium-90 * 


| : Cesium-137 
(pCi/g) | 


; (pCi/g) 
Beta 


Range 


} ] i 
Average | | Average Range | Average 
| } 


2 
2 
2 


Samples of the total body are analyzed for 
gamma radioactivity (cesium-137 equivalent) 
and samples of the edible tissues are analyzed 
for strontium—90 content and alpha radioactiv- 
ity (plutonium-239 equivalent). The speci- 
mens, which were all carp, with the exception 
of one large mouth bass, were collected October 
26, 1967. 

The results of the radioactivity analyses of 
Mohawk River fish were all less than the values 
considered valid at the 90-percent confidence 
level with a precision of 30-percent. The aver- 
age results of the eight specimens were: alpha 
radioactivity, <0.70 pCi/g; strontium-90 con- 
tent, <0.27 pCi/g; and cesium-137 content, 
<0.29 pCi/g. The variation in the detectable 
level of the analyses is the result of differences 
in the size of aliquots; i.e., 10 grams for alpha 
radioanalysis, 100 grams for strontium-90 an- 
alysis and the total specimen for cesium—137 
analysis. 


General conclusions 


As a result of the environmental monitoring 
program conducted by the Knolls Atomic 
Power Laboratory, it is concluded that the 
operation at the Knolls and Kesselring instal- 
lations did not adversely affect the radioactiv- 
ity levels of the local environment. The results 
of the environmental surveys indicate that the 
levels of radioactivity detected at all times 
were within the standards established by the 
U.S. Atomic Energy Commission in the AEC 
Manual Chapter 0524, “Radiation Protection 
Standards.” 
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2. Shippingport Atomic Power Station*® 
January—December 1967 


Duquesne Light Company 
Shippingport, Pa. 


The Shippingport Atomic Power Station is 
located on the south bank of the Ohio River 
in a site consisting of over 400 acres. The site 
is about 25 miles northwest of Pittsburgh and 
about 11 miles below the confluence of the 
Beaver and Ohio Rivers (figure 2). The station 
is designed to produce electric energy by a 
conventional central station type turbine-gen- 
erator unit. The pressurized water reactor 
consists of a closed system in which water is 
circulated by pumps over an array of nuclear 
fuel elements, or core, contained in a reactor 
vessel, to heat exchangers where steam is 
formed in a separate isolated system. 





nar 
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Figure 2. Shippingport power stations sampling 
locations 











Radioactive waste handled under the envi- 
ronmental program includes liquid and gaseous 
effluents released into the Ohio River and 
atmosphere, respectively. The levels of radio- 
activity released were below Shippingport dis- 
charge limits. These limits are based upon 
radiation standards set forth by AEC’s divi- 


* Summarized from “Environmental Radioactivity at 
the Shippingport Atomic Power Station for the Calen- 
dar Year 1967.” 
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sion of Operational Safety in directives pub- 
lished in the AEC Manual’, and a waste dis- 


charge permit from the Pennsylvania Sanitary 
Water Board. 


Ohio River water analysis 


During 1967, with the exception of the 
second quarter, weekly composite samples 
were obtained from two continuous automatic 
samplers in the station circulating water line 
upstream and downstream of the radioactive 
water effluent. During the second quarter of 
1967, the two automatic samplers were ren- 
dered inoperative; thus, grab samples were col- 
lected each day during the radioactive waste 
discharges and combined at the end of the week 
into a 2-liter sample. Both suspended and dis- 
solved materials in the composite samples were 
analyzed for gross alpha and beta radioactivity. 
Each composite is also analyzed for potassium- 
40 content. No significant difference was ob- 
served among the average alpha, beta, and 
potassium-40 radioactivity for the influent and 
effluent samples. The results of these analyses 
are presented in table 5. 


Ohio River sediment analysis 


Once during each calendar quarter, sediment 
samples of the Ohio River were collected up- 
stream and downstream of the circulating 
water outfall. These samples were quantitated 
assuming all detected radioactivity to be 
cobalt-60, which is the major constituent of 
radioactive contamination at the station. The 
results of the sediment samples are presented 
in table 6. These data indicate that there was 
no increase of radioactivity in the river sedi- 
ment as a result of the station’s discharges. 


Gaseous radioactive waste 


Gaseous discharges to the atmosphere, iden- 
tified as xenon-—133, are controlled and released 
at concentrations less than the MPC of 3 x10° 
pCi/m*. During the entire year 1967, less than 


1.9 millicuries of xenon-133 were released 
from the plant site at less than the specified 
concentration. 


Film badge monitoring 


Twelve film badges for detecting beta-gamma 
radioactivity were posted continuously at the 
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Table 5. Gross radioactivity in the Ohio River Shippingport Atomic Power Station, January—December 1967, 


Type of radioactive material 


Influent samples 


Second ® Third 


Alpha: 

Total solids 
Beta: 

Total solids 
Potassium-40_ 


Average concentration 
(pCi/liter) 
Effluent samples 


Fourth Fourth 


| Second * Third 


0.69 


13.44 


3.77 


® The average radioactivity for the second quarter of 1967 was computed from grab samples. 


Table 6. Total radioactivity in the Ohio River sediment 
samples, Shippingport, January-December 1967 


Gross radioactivity 
Number (pCi/g) 
1967 of 


samples 


Upstream Downstream 


January-March , 8.6 
April-June : 7. 
July-September ; 6. 
October-December : 6 


site perimeter in an attempt to determine the 
external radiation exposure in the immediate 
area. In order to accomplish this, a control 
film badge location was established at a point 
10 miles from the station boundary. 

During the first and fourth quarters of this 
report period, the mrem equivalent taken from 
the normal quarterly film badges was equal to 
that of the control film. However, during the 
second and third quarters, differences of read- 
ings between the control film and the quarterly 
site film at several locations ranged up to 25 
mrem equivalent. A further check of these dif- 
ferences indicated that they were not attribu- 
table to station activities, and that at no time 
during this report period was there any signifi- 
cant radiation exposure to the general public 
outside the facility. 


Fallout 


Precipitation and fallout are collected in a 
high-walled pot at one location on the site and 
analyzed monthly for gross alpha and beta 
radioactivity. A summary of the quarterly 
averages fallout results for 1967 is presented 
in table 7. 
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Table 7. Radioactivity in fallout, Shippingport Atomic 


Power Station, January—-December 1967 


Deposition rate 
(nCi/m?/month) 
1967 - 
Beta radio- 
activity 


Alpha radio- 
activity 


January-March 
April-June 
July-September 
October-December 


12-month average 


®* The high beta radioactivity reported in the first and fourth quarters 
of 1967 are attributed to fallout resulting from nuclear weapons testing. 


Conclusion 


From the data presented above, it may be 
concluded that during 1967 the radioactive 
effluent releases from the Shippingport Station 
site did not cause any significant increase in 
background radiation levels. In this regard, the 
station procedures relative to controlling radio- 
active discharges to the environment are con- 
sidered to be effective in protecting the health 
and safety of the general public. 
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Reported Nuclear Detonations, January 1969 


The U.S. Atomic Energy Commission an- 
nounced three underground nuclear tests for the 
month of January 1969. 

Announcement was made by the U.S. Atomic 
Energy Commission of two nuclear tests, one of 
low yield (less than 20 kilotons TNT equiva- 
lent) and one of low-intermediate yield (20 to 
200 kilotons TNT equivalent) were conducted 


underground at its Nevada Test Site on January 
15, 1969. 

A nuclear test of low-intermediate yield (20 
to 200 kilotons TNT equivalent) was conducted 
underground by the Atomic Energy Commis- 
sion at its Nevada Test Site on January 30, 
1969. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


PLUTONIUM-239 IN HUMAN TISSUES AND BONE. Paul J. Magno 
and Peter E. Kauffman. Radiological Health Data and Reports, Vol. 10, 
February 1969, pp. 47-50. 


An average concentration of 7x10™" «Ci **Pu/g was found in human 
bone samples ranging in age from 2 to 24 years. This concentration re- 
sults in an average dose equivalent rate of bone of about 3x10~ rem/year. 
An average concentration of 7X10-"«“Ci **Pu/g found in liver samples 
from older adults results in an average dose equivalent rate of about 
7x10 rem/year. These figures were compared to the Federal Radiation 
Council’s Radiation Protection Guides and the dose limits recommended 
by the National Council on Radiation Protection and Measurements and 
the International Commission on Radiological Protection. From the data 
in this report, it was concluded that the concentrations of plutonium—239 
in body tissue result in average dose equivalent rates well below the 
suggested radiation protection guides and dose limits. 


KEYWORDS: plutonium-239, bone, liver, spleen, lung, United States, 
Radiation Protection Guides. 
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